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DECLARATION UNDER 37 C J.R, S 1.131 

Dear Sir: 

I, BILL HARTIGAN, DECLARE AS FOLLOWS: 

1 . I am one of the named inventors of the above-captioned patent application 
and I am an employee of Paracor Medical, Inc., the Assignee of the present application. I 
am a co-founder of Paracor Surgical, Inc., the predecessor of Paracor Medical, Inc., and I 
am the Operations Manager. 



2. I have first-hand knowledge of the facts set forth herein. I declare that all 
statements made of my own knowledge are true and that all statements made on 
information and belief are believed to be true. 

3. I began working on the development of an endocardial hamess at a time 
just before October 8, 1999. All of the development work that I did was conducted in the 
United States at Palo Alto, California. Prior to October 8, 1999, 1 and my co-inventor, 
Lilip Lau, conceived of the subject matter set forth in the claims of the present 
application. 

4. Attached hereto as Exhibit A is a laboratory notebook page, in my 
handwriting, as evidence of the development work that I did prior to October 8, 1999. 
The dates have been redacted, however, my signature and the signature of a witness 
appear on the notebook page. In Exhibit A, I show a photo etched anchor concept in 
which barbs can extend outwardly from the anchor in order to draw a portion of the 
myocardium closer together in order to relieve wall stress. 

4. Attached hereto as Exhibit B are pages from my laboratory notebook 
evidencing diligence after October 8, 1999 up to actual reduction to practice, and up to 
the filing of provisional application Serial No. 60/188,282, filed March 10, 2000. Upon 
information and belief, I and/or my co-inventor Lilip Lau worked on a daily basis toward 
an actual reduction to practice and constructive reduction to practice on a cardiac hamess. 
Referring to Exhibit B, we would work in the laboratory developing the cardiac hamess 
and then periodically make entries in my laboratory notebook, which I made on at least 
the following dates: October 13, 1999; October 28, 1999; November 1, 1999; 
November 2, 1999; November 3, 1999; November 4, 1999; November 12, 1999; 
November 15, 1999; November 16, 1999; November 17, 1999; November 19, 1999; 
November 24, 1999; December 2, 1999; December 9, 1999; December 15, 1999; 
December 17, 1999; January 31, 2000; Febmary 14, 2000; March 2, 2000; March 13, 
2000; and March 16, 2000. 
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I declare under penalty of perjury under the laws of the State of California that the 
foregoing is true and correct and I acknowledge that any willful false statements and the 
like are punishable by fine or imprisonment, or both, under 18 U.S.C. § 1001 and may 
jeopardize the validity of the application or patent issuing thereon. 

Date: 
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1. Pescr^tion 

• Hypo tube #lcoiitaim both suture Hne and gjiide WTO 
to the handfc portioiL Suture aai wre wouM pass through the 
entire hanen. The outer diameter would siqjport the coil anchors. 
Coils for testing are . 107 Id X . 1 56" od 

• Hypo tube #2,drives the wire andwrs by ineans of a coimected 
lead screw and knob. The distance of travel would be related to the 
numbCT of anchors on the first iQTpo tube. The end of the tube 
closest to the anchors could be notched in order to grasp the end of 
the coiL As the drive knob is turned, the motion would translate to 
the first anchor and in turn drive the others. The screw mechanism 
could be ratcheted m order to drive a single anchor. 

i':^*- Hypo tube #3 SCTves as a protective sleeve ami prevents the 
; : anchors from coming out of plane and binding on eadi other. The 
tube is fixed to the handle. 

2. Materials u 

• ^^pn>tbtypes,aUlQpo tubes win be made fiomStamless^^^ 
tubiiag; After prpbf of concqit, 

catheterjtubii^ifi order tp del^ 

I^rtigtt <»uld ^ rectotf^gttlar and machined fiom plastic or it coiild 
. - : t^ UKilded'to. forin a^hai^ 

• Dimensions for tidnng: 
iv 1. ;8kw.l65'*x.l35'? od^ (hypo tube #2) 

lORW .134" X .106" ( Hypo tube # 2) 
.188 X. 156" (hypbtubei#3) 
12H .109" x .p7r (hypo tube #1) . 
Tubing loigths : ai^x. 6" " 
Handle length: apptox. 5-6" 



.2. 
3. 
V ,4. 
5. 
6. 




Method for deploying Anchors 



PggcrjptiQg; 



Deployment would consist of two hypo-tubes; an outer tube with tabs feeing inward and 
able to engage the cofl spring anchor and an inner tube with tabs feeing outward. As the 
iimcr tube is advanced the anchors are engaged in the slots. (Step 1) The outer tube stots 
slide over the anchors and do not engage the anchor, 
Stepl 




Step 2 

As the inner tube is pulled back, the outer tube slots engage the anchor, the inner tube 

stots are pushed dowa As die tabs clear the next anchor, they spring up and altow ^ 
next anchor to engage. 




Materials: 

For mitial prototypes parts will be made fiom laseted 3 1 6S/S hypo-tubing 
Dimensions: Inner tube - . 106**od X .77 id 
Outer tube- .l88"od x .156*' id . 
Parts will be cut to dimensions show on opposite page. 
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Ballooa Model Co lUustnte Affect of Aachoriag Arwuid Veotriclc 
orHtMTt 

Description: 

Congestive Heart Failure (CHF) is a condition caused by a 
filing heart and is associated to enlargement of the 
myocardium. The balloon models ^wn on pages 10-13 
were done to illustrate the affects of different anchoring 
methods and ways to linut the diameter of the myocardium. 
The balloon model shown on page 12 -13 was done to 
simulate the afifects of wrapping bands around the inside of 
the ventricle or outside of the heart. 

Picture #1 Illustrates multiple bands to limit <Uameter (A). 
Area B ilhtstrates the afifect of not linuting diameter. 
Since the diameter in the area around section A is limited, 
pressure is redistributed to weaker areas of the balloon 
causing the balloon to distend. 

Picture #2 illustrates the affect of limiting distension along 
the long axis of the balbon by placing bands 
longitudinal^. Pictures 3 and 4 illustrate expansion around 
the areas between the bands. 

Conclusion: 

The balloons used for the model were long and narrow. As 
the balloon was inflated, expansbn occurred in two 
directions: radial and bngitudinaL The anchoring methods 
shown demonstrated the ability to limit both expansion 

directions. 

In an actual heart model, directional movements will be 
compound. Anchoring may have muhiple configurations 
such as radial bands around the base of the heart and 
helical baiKis from the apex to tlw mid chamber. Current 
thinking is that from apex to mid chamber, muscle fibers 
are oriented in a helical direction and give the chamber a 
torsiond movement From mid chamber to the base, fiber 
orientation becomes more radial 

Materials: 

Balloons - diameter aprox. M/2'' x 3' 
Electrical tape cut in widths aprox, 1/S" strips 





11/3/99 



End Anchor TcrmiiMtloo Coocepts 

Description: 

The current method for limiting heart and ventricle diameter is to place 
helical anchors into the mpr^}^* 1"^ them with a tether line and 
pull the anchors together iodecreak or limit die overall diameter of the 
heart Both the first and last anchors must be tied off in order to prevent 
the tether line from being pulled out of the anchor. 
• The drawings depicted on page 1 5 are end termination anchor concepts 
that wouid allow the tether line to be tensioned or released in order to 
choose the right end diameter of the heart. 

Picture #1 shows both coil and barb anchors. Barbed anchors could be 
etched from stainless steel with eyelets to hold the tether line. Between 
tiic two. any number of coil anchors could be placed in order to 
distribute load. One or more of the coil anchors could be wound up to 
increase tension. If the position or tension was not ideal, springs could 
be unwound and repositioned. 

Picture #2 illustrates a vise concept using coil springs. After placing the 
last anchor, the delivery device would be removed and the termination 
tool would be slid over the trailing tether line. Termination tool would 
consist of a collet (3), Vise (4). outer hypo-tube (5) and vise driver (6). 
Termination tool would be slid down to either mate with or be 
positioned along side of the coil ^ing. The collet would be held in the 
outer hypo-tube by wings or tabs in order to prevent the collrt from 
sliding out and to prevent die collet from turning when the vise is 
engaged. As tension is applied to the thread (2), the vise would then be 
positioned and driven in by the vise driver (6) and in turn clamping the 
tether line. If the tether had to be released or re-tensioned, the outer 
hypo-tube could be repositioned and the process repeated. 
Picture #3 depicts a similar mediod to number 2. This concept consist 
of a molded or machined serrated jaw (2) that is held in place by a 
collet (3). The assembly is held by a retaining band (1). 
After dqilqyment of the last anchor, the delivoy device is removed and 
the termination tool is slid down the tether ltn& The collet (3) mates 
with the coil anchor. The serrated jaw is advanced with the driver (5) 
white tension is applied to the tether, jaw and collet would mate 
restraining the tether. If the termination had to be adjusted, the retaining 
band could be slid off the collet and the process repeated using either a 
new anchor or re-applying the retainer ring. 
Conclusion: 

(deal termination of the anchors would allow the operator to re-adjust 
or re-position the end point. Tcrminatton could also be done by tying 
multiple knots around the last anchor. The disadvantage to knot tying 
would be the mability to adjust or reposition. The concepts depicted on 
page IS allow for accurate placement as well as adjustments. 
Also future revisions could be made to the tether line if slack were to 
develop by placing additional termination anchors within the band of 
existing anchors. 

Parts could be either molded or machined. 



Description: 
Part#HA-IA 

304 Stainless steel Hypo-tubing 0.134" od x 0.106" id 
0.020 bar width with 0.020 lasered slot. 
Thread direction: left 

After processing tube was stretched to render a thread pitch of approximately 
20 threads per inch. 




In-Line Tciher Springs 



11/ 1 2/99 



Rather than passively restraining the epicardium as illustrated on pages u. u, 
and 14 the system could assist systemic contraction by placing a spring in- 
line with the anchors and tether line. During diastolic filling of the chamber 
the springs would expand allowing the system to load as well as limit chamber 
diameter. During systole, the springs would recoil and assist in contraction. 
Springs could be flat, in plane with the heart, or they could be coiled as 
illustrated in Fig. 1 and 2. Entire tether and spring segment could also be 
encapsulated to prevent abrasion. 



Ih-Hhc I cilicr 
F»g ^ Springs 



l op View 



Tissue ^•J^View 



Fig. 2 



End Termination Tether Line Clamp 



StVcess of Unkin, anchors to the epicardium U . 

terminate the tether line at the ^^J^^^^^ clamp concept. The 

The drawing sho>vn below •^'^^"L^^ cut through 
clamp could be manufactured "yP° ^^^^^ jieeve to protect 
the wall as iUustrated. Clamp -"'^^^^r^'To piS^and l<^k the 

the suture or tether Ime when the ^ut or molded in the 

tether in position Plasttc '^-^^J^-^^;^^ and tether are 
tube to allow ratchetmg and a P«^"'^f ^ shown to prevent 

rr;ji:r!rpS»^^^ 

or a tool could be Jf'rj'^^^J^^^^^ also undo the bent tab 

tension and then crunp^'«.^>^,,^^'°^^^ '° acceptable. Clamp could have 
to anow for rcpositiomng if rcsu ts were iwt acc^^^^^^^ 

nmltiple tabs to allow for multiple pomU of contact. 






Elastic Anchor Tether 11/16/99 

Description: 

The picture below illustrates a method to tether between anchors in order to limit the 
amount of distension of the epicardium. 

The tether would be made of a material such as silicon, rubber or polymer material 
having elastic properties. 

Bands could be made in different configurations and lengths to allow for different elastic 
properties for the epicardium. For instance, fig 1 would apply a radial force as well as a 
longitudinal force depending on the angle of the connecting bar and the amount of 
tension applied. Fig, 2 would allow more initial anchor strength by providing two 
anchors peipendieular to each other, for possible placement on the septal wall Fig 3 
illustrates anchor positioiung in order to increase or decrease the overall tension on the 
band at a given area of the heart 



Fig. 3 



( qf) <M) d6 OP OP : 




Method for placement: 

After initial anchor was placed on the band and driven into the epicardium, the 
proceeding anchor would be placed in the desked hole location and a lateral force exerted 
on the anchor delivery device. This would cause the band to elongate and load. The 
location on the epicardium would then be chosen and the anchor delivered into the 
muscle. Remainii^ anchors would be delivered until the desired results were achieved. 

Notes: 

The elastic bands may help systolic function by assisting ventricle contraction. During 
diastole, the chamber would fill with a limited amount of force being exerted by the 
bands. As the chamber ends diastolic filling, more force would be applied to the bands, in 
turn loading the system in order to assist during systole 

Bands could also have a radiopaque wire or markers imbedded in the polymer for two 
functions: Wire could serve as an overall limit so clastic band would not be able to 
expand beyond a given point, and markers couki serve as a diagnostic function to moiutor 
myocardial functions non-invasively. 

Bands could be tensioned at a later procedure by anchoring into an un-used anchor hole, 
or bands could be cut at a later time after the myocardium had been restored to an optimal 
diameter. 

Advantage of elastic band over suture or single tether line: 

• Force should be distributed equally to all anchors. 

• No end terminatk)n is needed since the band would be placed and anchored as 
oneunh. 

• Connecting bar across anchor hole woukl work with existing anchors. As anchor 
was driven into the epicardium, connecting bar wouW be driven to the top of the 
anchor and stop in the anchor loop (Spring drawings pg. 6), 

• Wkier contact area between epicardium and tether. 

• Assbted systolic functibn 




Anchor Delivery Prototype 11/19/99 



Description: 

The following pictures are a finished prototype of the delivery device drawing 
depicted on page 7. 

The tether line is held along the side of the delivery tube with a 0.029"x 0.032'' 5/^ 
hypo-tube and atUched using shrink tube. At the distal end of the delivery tube ^ 
0.030" hole is drilled to receive the tether line. The hole penetrates one wall so tha t the 
tether line is forced into the lumen where the coil wilt pick up the line. 
Notes: Revision of the device may use a larger delivery lumen so the tedier line i s able 
to be placed intemally. 





Ratchet Spooler (RS-01) 11/24/99 

Description: 

In the process of laying down anchors, it is necessary to terminate the tether line at the last 
anchor to prevent the line from being pulled out and loosing tension in the system; the 
drawing below depicts a method to terminate the tether line. 

Part #A IS the center mandrel. Tether is taken up through the anchor and fed through the 
center of the mandrel. Line exits on the center diameter as shown in Part C. 
Part B is a ratchet which allows slack to be taken out of the line and maintains tension with 
the interlocking teeth. Half of the section is fixed to the mandrel, the other end is allowed to 
rotate. As the ratcheting tool is turned, slack is taken up and wound on the mandrel. Teeth 
are installed to be directional in that they allow the tether to be taken up but not unwound. 
Part C shows the entire assembly with the thread wrapped on the mandrel. 
Parts will be fabricated from 0.134'*od x 0.l09*'id S/S hypo-tubing. Mandrel will be made 
from brass. 



Part # A 



1 

, (XXr30C>.X.OQ • "! 

-.-..1 ■ I tyyxcay^Y^ ; •-i-^*- 



Paitf^B 




-4^— .c7;- 



Part#C 



rl 



Mxcd Ratchet Section 



Rotating Ratcheting 
Section 



Thread 



Ratcheting Tool 





Pin Vise Tether Line Concept 12/3/99 



Description: 

The pictures shown on page 26. 27 and these drawings, depict a tether line termination 
concept. With the current method of harnessing and anchor deployment, it is necessary to 
terminate the tether line at the last anchor. Ideally, the termination would be adjustable 
and removable. The termination should also be tow profile so it would not interfere with 
surroundmg tissue. The miniature pin vise shown betow Is a method for termination 
which would satisfy those requirements. 

Method: 

After the last anchor is deployed, the anchor delivery tool is removed leaving the 
remaming tether line. The tether line is passed through the pin vise assembly (collet, and 
vise) and the two halves are threaded together. Next the tightening tool (pg 27) is 
advanced over the tether until it mates with the vise. The assembly is slid into position 
with the smaller .diameler of the collet nesting into the imier diameter of the coil anchor. 
The assembly is tightened up by applying tension to the tether Tme, The knurled knob on 
the outCT hypo-tube is held in place; this engages the outer hex on the collet section. 
Lastly the inner hypo-tube which engages the back^ of the vise section is rotated 
thereby closing the jaws around the tether line. If tension was not sufficient, the vise 
could be loosened or removed and reapplied to get the desired results. Lastly, the tether 
line IS trimmed off to the desired length. 



o.os 




0.16 



Fig. I 





Fig. 2 




Fig. 3 



Tether Line Pick-up Concept for Delivery Tool 12/14/99 



Description: 

During the delivery of the coil springs it is necessary to link the anchors 
together using a tether line. The problem with integrating the tether and anchor 
together is reliably picking up the tether so that it is allowed to wind up on the 
inside of the coil If the tether line is simply allowed to* go through the wall of 
the hypo-tube, depending on orientation of the tether, the coil anchor is likely 
to pin the line against the wall of the tube and miss the line. The picture below 
illustrates a method to pick up the line regardless of the orientation of the 
tether. 

Tether line pick up would be done by threading the inside diameter of the 
delivery tool hypo-tube shown in red. The tether line could be run along the 
outside of the tool and then directed to the inside by drilling a hole through the 
hypo-tube (shown in solid blue). The tether line would then be placed over the 
hypo-tube threads so that as the coil anchor is. advanced and threaded into the 
tissue the tether line would automatically be picked up. Orientation of the 
tether line would not matter so long as it is resting over the top of the hypo- 
tube threads. 



Tether Line Coil Anchor 




Threaded Hypo-tube 



S(aiKlK»frrixtiire 12/10/99 



^StiSil so that the line docs n« abrade < 



HIT 



)booobcx>6"5TO^ou~ 
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>ooooooooooo^ 0 
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TTkPI^ on the following page are completed prototypes of the 
standoffs. Fig. 1 is the complete fixture wound with .008" niti wire. Fit 

1^1^^'^'^°'^/^'^''^^"^ Figs.3and4de,Xt«te 
air«thod of deployment and the tether line within the standoff 

^ "'•^ ^ ^'"S"" ^""^ °^ ""W shot 

ddiveiy mrthod (pg 2-3 and pg 7 and 24). Not shown is the method to 

Standoflfe would be loaded over the ddiveiy tool and captured in a larger 
hypotubc. Between the two tubes would bcasmallertJbe to pi^htte*^ 
standoffs out. Parte could be «lya«ced as needed by pushing aTnll£ 
d.amet«- hypo tube thus releasing the standoff. DelW^ of L sSfls 
wjx. d be .«lepc»tert of the«Kho« and would not i^fere. tST 

^ '"«»V««««her line would automa^lfy 
oc centeted m the standoff as it was dephyed 

hM iL*2ST."^ "^T*''.'«- fig- 2 must be 

IkJTi!?^ legs against the tissue in order to be affective. The 

S^SS*" ^'''.r ^ so that orienUUon does not matter. I f 
Condusion: 

fi^^'^'^J^'*' «nd differert wire diameters to 
allow for different stiffhess or different lengths between «!S 




Anchor Delivery Method 12/9/99 



The foUowmg pictures are a sequence of photographs depicting the current 
method of anchor and tether line deployment used to harness the epicardium. The 
deployment was done using a pig heart on the bench. 

Pictures: 

Fig. 1 is the single shot anchor deployment tool Coil anchors are placed into the 
umen of the tool and the tether line attached to the first anchor with a knot and 
loop (fig 2). Up to three anchors may be placed in the lumen. Subsequent anchors 
pick up the tether line automaticaUy as it is threaded down the center of the 
deployment tool lumen. 

Next the tool is placed on the epicardium and the anchor deployed by turning the 
knurled knob on the delivery tool (fig 3 and 4). As the anchor is advanced, the 
tether is threaded to the top until it is captured at the very end of the coil 
Figs. 5 and 6 show a stand-off being placed in order to minimize the tether line 
contact with the tissue. The standK)ff is flexible both longitudinaUy and laterally, 
and offers a wide foot print to distribute the bad of the line. 
Fig. 7 and 8 are continuations of anchor and standoff placement. 
Fig 9 and 10 show the pin vise end termination method. The tether line is passed 
through both the vise and collet section and advanced down to the spring using 
the tightening tool (fig 1 1). The vise is placed so that the smaUer diameter of the 
collet nests within the coil. 

A scale was placed along the system to show the start dimension prior to 
tensioning (fig 12). Fig 13 shows tension being apptied to the tether line and the 
change m dimension. Next, the pin vise was tightened ami the tool removed. 
Fig. 14 and 15 show the end results using 2 standoffs, 3 coU anchors, tether line 
and end termination pin vise. 
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Anchor Termination -Tether Tie-off Method 12/9/1999 



■•mm. ■^m 




Anchor Termination - Tether Tie-off Method 12/9/99 

The pictures above depict another method of terminating the tether line 
at the last anchor. This concept is a simple plug with two holes drilled * 
through it's length, (fig. 1). This Termination would be used with two 
independent parallel lines which would offer added security in the 
event one line were to break. 
Method: 

The two tether lines are passaJ through the two holes in the plug (Fig 
2). Tension would be applied by pulling on the tether line while fixing 
the plug within the coil anchor by means of a hemostat or similar tool. 
Once the desired tension was applied, the hemostat would clamp the 
line at the top of the plug fixing position: a common surgical knot 
could be slid down the tether securing the tether (fig 3). 




Anchor Termination - Ratchet Prototype 12/9/99 



The following pictures are a continuation of the drawings shown on 
page 25. This is a finished prototype of part "B". A coil section was 
added that was not shown in the drawing. This spring will allow the 
teeth to unlock and rotate to take up slack but springing back and 
locking the position when the ratcheting tool is removed. This part was 
not completed due partly because of the size of the device and because 
of a more reliable pin vise anchor shown on pages 26 and 27. 
This part may be continued at a later time. 



Materials: 

3 1 6 S/S Hypo-tube 0. 1 09" ID x 0. 1 34" OD 
Part#RS-01 




Ratchet End Termination Concept 12/9/99 





Tether Line Pick-up Prototype 12/17/99 



Description: The following piaures and drawings arc a contiouaUon of (he concept shown on page 19. 



m 



Two hdcs were drittod in Ihe hypo-(ube; one « back oflhe last (hmd atxl the other through the hypo^ube thread. Threads take up 
approximatdy 0.060** of the distal ctid of the hypcHubc and revolve slightly tnoce than ooe revolution of thread. Thread spacing is the 
Mine pitch as the anchor at 20 threads per tnch. For this prototype, Ihe hypo-tube duead %i«s made of bfmss and ureMed into Uw inner 
diameier oflhe tube. 
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3/10/00 JDeviccs Sent to University of Colorado - Dr Monet 




The following devices were brought to the . 
University of Cotorado for a meeting with 
Dr Monet to discuss plans for an upcomii^' 
animal study. Devices included were: 
Prototype delivery device (1), Harness with 
drive cab\e (2), 0.032 Harness (3). 0,01 5 . . 
Harness' (4), 0.0195 Harness (5), and a 
harness having variable amplitude height 
(6). 
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Shear Strip Anchor Prototypes ( continued from page 42. Concept for shear strip anchor) 

3/13/00 



Description; 

The following pictures are completed prototypes of a shear strip anchor concept. 
The idea would be two barbed anchors could be tethered between a spring as illustrated in 
fig. A. The spring would keep constant tension on the epicardium limiting the amount of 
distension during diastole while allowing some assistance during systole when the system 

Shear strips could also be used to terminate the tether line used with the coil spring anchors. 
Rather than tying off on the last screw, a shear anchor could be attached to the line as well as 
an inline spring. This would keep the system in tension and distribute the load into the spnng 
rather than the shear strip. 

These prototypes were designed to be modular. In the event only one anchor was needed, a 
single anchor could be cut off and attached using the holes at either end of the strip. 
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Winding Patterns Using Mandrel HD-1 & HDIB 



03/13/00 



(Above) Variable size undulations 



Mandrel HD-IB 

Ust row is doubled back and using 
the existing pins to form undulations. 
Last row is woven into the pattern to 
stop the last row from coming 
undone. Undulating pattern sti» 
allows for the harness to expand 
radially 




7.00 <2.c 



Winding the modified HD-1 Sl^M^ 
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